for relevance and quality assured these by means of the COSMIN-checklist. We performed a best evidence synthesis to summarise the measurement properties of each included PROM.
INTRODUCTION
Dyspnea or breathlessness is a complex symptom in many patients with advanced disease (1, 2) . Research has shown that 94 per cent of patients with chronic lung disease and 78 per cent of patients with lung cancer suffer from breathlessness during the last year of life (3) , and that breathlessness may be associated with poor quality of life, anxiety, reduced functioning, and reduced life expectancy (1, 2) .
The patient's experience of breathlessness frequently does not necessarily correspond with the disease's degree of severity and objective measures (4, 5) . In palliative care systematic use of instruments to measure the patient's own experience is therefore important in order to identify symptoms, gather information on disease progression, and evaluate the effect of interventions (6) . Data based on such measurement instruments are commonly known as patient-reported outcome measures (PROMs).
Before we started working on this survey we performed a literature search to see if reviews answering our question had already been carried out. The search resulted in two relevant hits (7, 8) . Both reviews were based on ten-year-old literature searches and both revealed a need for a further evaluation as to which PROMs are suitable for measuring breathlessness in palliative care (7, 8) . The purpose of this systematic review has been to give an overview of the PROMs available for measuring breathlessness in palliative care patients, and the instruments' measurement properties. Measurement instruments must have dimensions for both breathlessness and anxiety to be considered for inclusion.
METHOD
We have used a methodological framework called COnsensus-based Standards for the selection of health Measurement INstruments (COSMIN). The framework was developed through an international consensus process and gives specific recommendations on terminology, taxonomy, and use of method in studies dealing with PROMs and their measurement properties (9-11).
LITERATURE SEARCH
We searched systematically for literature in the databases MEDLINE (1946-), Embase The search strategies entailed index terms and text words adapted to each database for the categories 1) breathlessness, 2) measurement properties, and 3) palliative care, cancer, or chronic obstructive pulmonary disease (COPD). We performed citation searches for the 
SELECTION
Titles and abstracts were considered for inclusion using predetermined criteria (table 1) .
Articles considered relevant were accessed in full text and evaluated for inclusion. All steps in the selection process were carried out by two reviewers (KS/KGB) independently, and disagreement was resolved through discussion.
MEASUREMENT PROPERTIES
Before using new measurement instruments it is important to ensure that the instruments have good measurement properties, i.e. that they measure what they are supposed to measure, and that the results are trustworthy (11) . In the COSMIN taxonomy the measurement properties are divided into three main categories: reliability, validity, and responsiveness. Reliability refers to whether any sources of error are sufficiently small and if the results are sufficiently stable for the measurements to be trusted. In the COSMIN taxonomy reliability consists of three subcategories, called internal consistency, reliability (here test-retest reliability), and measurement errors. Validity describes whether an instrument measures the properties it is supposed to measure, such as whether persons who score differently on a depression scale, also score differently on other similar scales.
The COSMIN taxonomy defines three subcategories of validity properties (content validity, criterion validity, and construct validity), where construct validity is further divided into the three categories structural validity, hypotheses testing, and cross-cultural validity.
Responsiveness is a measure of whether the measurement instrument is able to capture important changes over time (10) .
EVALUATION OF METHODOLOGICAL QUALITY
We evaluated methodological quality and risk of bias in accordance with the COSMIN checklist (13, 14) . The checklist consists of a variety of forms to be filled in to assess whether the measurement properties reported in a validation study are trustworthy. Each validation study generally measures a limited number of measurement properties, and only forms with relevance for the measurement properties that the study seeks to evaluate are completed.
The studies' quality is assessed as excellent, good, fair, or poor. All quality assessments were carried out by two reviewers (KS/KBT), independently. Disagreement was resolved by discussion or by involving a third reviewer (KGB).
DATA EXTRACTION AND CATEGORISATION OF MEASUREMENT PROPERTIES
One reviewer (KS) went trough all included studies and registered background information on the study, participants, measurement instrument, measurement properties, methodological quality, and outcome using a data extraction form. The data extraction was then quality assured by another reviewer (KGB). For each study we evaluated the measurement properties of the relevant instrument as positive, indeterminate, or negative against a set of predetermined criteria (appendix I).
DOCUMENTATION ON THE INSTRUMENTS' PROPERTIES
We summarized the total documentation on the instruments' measurement properties in a best evidence synthesis taking into consideration methodological quality, measurement properties, and degree of consistency. Documentation quality is rated as strong, moderate, limited, conflicting, or unknown, based on the criteria listed in appendix II.
RESULTS
We identified 1948 references, and ended up including 15 studies (15-29) (figure 1). Table 2 gives an overview of the studies included.
We identified four relevant measurement instruments: Cancer Dyspnea Scale (CDS), Severe Respiratory Insufficiency (SRI) Questionnaire, Dyspnea Management Questionnaire (DMQ), and Respiratory Symptom Checklist (RSC). The instruments' measurement properties are summarized in table 3. Table 4 shows our assessment of methodological quality and risk of bias, and the measurement properties of the included studies. A more detailed overview of various properties is available in master's thesis (12) . The best evidence synthesis that summarize results across all included studies is presented in table 5. In the following we summarize the main results for each of the four measurement instruments.
CANCER DYSPNEA SCALE (CDS)
CDS was developed in Japan for cancer patients and measures aspects of breathing difficulties (15) . Development and validation are described in four publications (15) (16) (17) (18) (table 2).
Representatives for the patient group and professional experts were involved in the development of CDS, and the measurement instrument was pilot tested in the target population (15) . We assess the content validity of CDS as being probably very good (table 5) .
Three studies (15, 17, 18) confirm that CDS has a three-factor structure (table 3), but we do not have sufficient data to assess the instruments' structural validity (table 5) .
For hypotheses testing we have emphasised the comparisons between CDS and Hospital Anxiety and Depression Scale (HADS), Borg scale, and visual analogous scale (VAS-dyspnea).
The result for hypotheses testing was negative in two studies (16, 18) and positive in two studies (15, 17) (table 4) . As such the results are contradictory, which makes it difficult to conclude univocally ( 
SEVERE RESPIRATORY INSUFFICIENCY (SRI) QUESTIONNAIRE
SRI was developed in Germany to measure health related quality of life in patients treated with long-term mechanical ventilation (LTMV) due to chronic respiratory failure. The respiratory failure is due to various underlying diseases (19) . Seven publications (19) (20) (21) (22) (23) (24) (25) have described development and validation of the instrument (table 2). The samples of two publications (19, 22) overlap in part, and data for structural validity and internal consistency is thus taken from the Windisch et al. study (22) .
SRI is developed from social, psychological, and physical health domains, and both patients and professional experts were involved (19) . The Norwegian version of SRI was pilot tested among users of LTMV (25) , and the content validity is probably very good (table 5).
The factor structure is evaluated in three studies (21, 23) , which all found that the original seven dimensions consisted of several factors. Two studies (22, 23) showed that the factors within one dimension corresponded, and the authors thus chose to keep the original structure of seven dimensions. One study (21) found 13 factors. All three studies showed positive properties for structural validity (table 4) . There is nevertheless uncertainty attached to the structural validity (table 5) , first and foremost due to methodological limitations in the studies where this is assessed. «Many patients with advanced serious disease experience breathlessness.» SRI is the only instrument of the four included in our review that is available in a Norwegian version (25) . We therefore wished to evaluate the cross-cultural validity of the Norwegian version. The absence of a comparison with the original version for factor structure and a low number of respondents compared to the number of questions in the measurement instrument made us conclude that there is a need for more research before we can say anything certain about the cross-cultural validity of the Norwegian version (table 5) .
SRI (20) (21) (22) (23) (24) (25) showed overall positive properties for internal consistency (table 4); however, due to methodological limitations, uncertainties attach to the total documentation (table 5).
Test-retest reliability was assessed as positive in two studies (20, 21) (table 4) , but methodological weaknesses in the two studies leave us with limited trust in the total documentation (table 5) .
DYSPNEA MANAGEMENT QUESTIONNAIRE (DMQ)
DMQ was developed in USA to measure the effect of lung rehabilitation and change over time in patients with COPD. The purpose was also to accommodate for more directed treatment for professions such as ergotherapy and psychology (26) . Three studies describe The original five-factor model for DMQ-56 was confirmed (27) . The assessment of the factor structure of DMQ-CAT (28) showed that a four-factor model was better suited. For both versions the factors explained more than 50 per cent of the variance, but even if the result for structural validity points in a positive direction for both DMQ-56 and DMQ-CAT, the quality of the documentation is limited (27, 28) (table 4) . It is therefore difficult to draw any certain over-all conclusions (table 5) Test-retest reliability was positive for DMQ-30 (26) and DMQ-56 (27) 
first and foremost to methodological limitations in the study where this was measured.
RESPIRATORY SYMPTOM CHECKLIST (RSC)
RSC was developed in China to measure multidimensional aspects of breathing difficulties in patients with heart and lung disease (29) .
Assessment of the factor structure showed 12 consecutive and non-correlated factors. By adding additional criteria Han et al. (29) found seven factors that seem to measure three dimensions of breathlessness (table 3) , while two remaining factors sorted under other symptoms. In sum the nine factors explained 64 per cent of the total variance (29) . A total assessment indicates that the structural validity of RSC is probably excellent; we lack, however, knowledge on other important measurement properties (table 5) .
DISCUSSION
We identified four PROMs for measuring breathlessness that satisfied our inclusion criteria: CDS, SRI, DMQ, and one respiratory symptom checklist, of which only SRI was available in a Norwegian validated version. The measurement properties of the four instruments were assessed in 15 studies. None of the included PROMs were validated directly for use in a palliative care setting, but on the whole they show promising properties for other relevant settings. The respiratory symptom checklist stand out as having been studied the least; there is, however, a need for more research to clarify important measurement properties for the other instruments as well.
STRENGTHS AND WEAKNESSES OF THE STUDY
We have worked out this systematic review in line with recommendations from the COSMIN initiative, which takes into account the special aspects of validating PROMs. The review builds on a wide and systematic literature search. All steps of the process were carried out by two reviewers independently, or carried out by one reviewer and quality assured by another person. Missing elements in the abstracts and the indexing of studies on measurement properties constitute a challenge to literature searches for reviews of PROMs (9) . One weakness in our literature search is that search terms for respiratory failure were not included. Several of the studies on SRI were thus first identified in a review of relevant studies. This entails a risk that other relevant PROMs exist that we have not identified. We have not had capacity to search for "grey literature", carry out supplemental searches on included PROMs, or contact professionals. All in all this entails a risk of there being relevant publications that we have not identified.
We evaluated the methodological quality of the included studies using the COSMIN checklist after first having carried out a thorough pilot test. The checklist enabled us to give a separate assessment of the various measurement properties that were assessed in one and the same study. A challenge has been that we have not always had the possibility of distinguishing between incomplete reporting and poor quality of a study. We have not had the capacity to contact authors for settling such issues.
THE METHODOLOGICAL QUALITY OF THE STUDIES
Two main challenges attaching to the included studies' methodological quality is sample size and incomplete reporting on hypotheses. The size of the samples was often too small, and individually the studies did not have enough respondents to assess test-retest reliability.
When internal consistency and structural validity are to be assessed, recommended sample size is five to seven times the number of questions and minimum 100 (14, 30) . This entails that instruments with numerous questions, such as SRI, score low on internal consistency and structural validity for all the included studies. Terwee et al. (31) , who have summarized methodological quality in studies on measurement properties in a systematic review, also found that the sample size was a considerable challenge to the evaluation of many measurement properties. «We found only one measurement instrument available in a Norwegian validated version.» Several of the studies did not have pre-formulated hypotheses, or they were inadequately formulated with regard to expected size or direction of the correlations. It was not always clear whether this was due to shortcomings in the study or in the reporting. Terwee et al. (31) found in their study that less than 50 per cent of the studies had predefined hypotheses and only 48 per cent of these had described expected direction and size of the correlations.
When hypotheses are missing there is a risk of coming up with alternative explanations of the results and the risk of bias increases (9) .
IMPLICATIONS FOR PRACTICE AND FURTHER RESEARCH
Summary of the results and the best evidence synthesis showed that we have limited trust in the documentation and lack knowledge on important measurement properties for all instruments included. That we have limited trust in the documentation does not mean that the measurement properties were poor, but that they are still indeterminate (31) . Even if some of the identified measurement instruments are more thoroughly studied than others, it is still difficult to give a clear answer to whether any of the available instruments have better measurement properties than others.
For PROMs that are to be used in palliative care patients in clinical practice, it is important that measurement instruments are not too extensive or demand too many resources for completion and administration (32) . Here CDS stands out with 12 questions and an expected time of completion of two minutes (15) . DMQ-CAT tailors the questions to the respondent based on one entry question (28) . The demands on the patient will thus be reduced in that only the most informative and relevant questions have to be answered. Using DMQ-CAT requires access to and competence in using electronic instruments.
None of the instruments we identified are validated for use in palliative care patients independently of diagnosis, and only SRI is translated into Norwegian. In addition to the methodological weaknesses pointed out and measurement properties that have not yet been evaluated, this entails that the relevant PROMs must be validated further in high quality studies. The studies should have large enough samples, pre-formulated hypotheses, as well as good and sufficient reporting on the study's completion. It is also important to assess the measurement instruments' responsiveness, to gain knowledge on whether the instrument is capable of capturing important differences such as effect of treatment or deterioration of health condition. COSMIN may be used to advantage as guidance for planning and reporting of new validation studies.
CONCLUSION
Four measurement instruments for breathlessness satisfied our inclusion criteria. Of the three instruments most closely studied (CDS, SRI and DMQ), none stand out as having clearly better validity and measurement properties, but CDS and DMQ-CAT seem more user friendly when it comes to time of completion and demands on the patients. SRI is the only instrument available in a Norwegian validated version, which is an important condition for use in a Norwegian setting. Further research is needed to validate and make the
